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TECHNICALNOTE3924

DISCHARGECOEFFICIENTSFORCOMBUSTOR-LINERAIR-ENTRYHOLES

11 - FLUSHRECTANGUIJRHOLES,STEPKTUVERS,ANDSCOOPS

By RalphT.Dittrich

An experimentalinvestigationwasconductedtodeterminedischarge
coefficientsforvarioustypesof combustor-linerair-entryholessuch
as flushrectsmgularholes,steplouvers,andscoops.Thedatapresented
hereinshowthevsriationindischargecoefficientof eachconfigurateion
as a functionofa dimensionlessflowparameter.Withintherangeinvesti-
gated,theeffectof sizeor shapeof flushholesondischargecoefficient

- wassmall.comparedto theeffectsof ductstreamvelocityorpressure
ratioacrossthehole.Whiletieadditionofa scooptoa flushhole
increasedthedischargecoefficientonlyat lowvaluesoftheflowparam-

3g eter,thesteplouverandthethumbnail-typescoopincreaseddischarge
coefficientsthroughouttherangeoftheflowparameter.However,at low
valuesoftheflowparameter,thedischargecoefficientsforscoopsand
step10UV=Swereaffectedbyboundary-layerconditionsoftheduct
stream.Theprotimityofmultipleflushholesorthewallinclination
ofa convergentducthada negligibleeffectondischargecoefficient.

INTRODUCTION

Withthetrendtowardgreaterairloadingandhigherairvelocities
throughturbojetcombustors,a knowledgeof dischargecoefficientsfor
linerwallopeningsis essentialforthedesignofaerodynamicallyeffic-
ient cotiustors.Dischargecoefficientsforflushcircularholeswith
flowparallelto theplaneoftheholearepresentedinreference1. The
presentinvestigationextendstheworkofreferencelby presentingdis-
chargecoefficientsforvariousothertypesof linerwallopeningssuch
as slots,scoops,andlouvers.

Withflushcircularholes(ref.1)theeffectsofholediameterand
wallthiclmessattheholeondischargecoefficientsweresmallcompared
withtheeffectsof ext=nalparallelflowvelocityandpressureratio
acrossthehole;theeffectsofductheight,pressurelevel,andboundary-
I.ayerthicknesswerenegligible.Applicationofthedataofreference1

●

.
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to calculatedflowconditionsina mode?
thatforflushcircularlinerwallholes
varyfromapproximately0.2to0.6.

cimbustor(ref.2)indicates e
thedischargecoefficientmay

A tier designmayincludeother&pe8-ofair-entryopeningsthat
havespecificapplication,suchasthumbnailscoopsor steplouvers
(step-wallconstruction)forwallcooli& longitudinalslotsfordepth
of jetpenetration,or scoopsoverhole’forjetdirection.

!
~SO, such

factorsasthespacingofholes,bothi,thelongitudinalandtransverse
directions,andtheinclinationofthe~ner wallmy affectthedis-
chargecoefficient.

Accordingly,thefollowinggeometricqgdflowfactorswerestudied
inthisinvestigation:(1)longltudina~slotswithlengthtowidth
ratiosrangingfrom1 to 16;(2)steploJuve&sranginginheightfrom3/32

.

to5/8inch,bothwithandwtthoutwall,overlapora corrugatedspacer;
(3)thumbnail-typescoops1/8and1/4~ch high;(4)scoopsoverholes
withscoopfaceareavaryfmgfYomO.6tol.”4timestheholearea;(5)
circularflushholesinwall.swithinclihtionsof0°,8°,amd20°;(6)
steplouversinwallswithinclinations~f~, 8°,and200;(7)multiple

#

circularholeswithlongitudinalspacing~rangingfrom1.5to5 diameters
andtransversespacingsfrom2 to4 diam#t@.s;(8)externalflowvelocity L
ofO to420feetpersecond;(9)staticressureof externalstream

fapproximately2100poundspersquarefoo ab~olutej(lo)airstreamtemper-
atureapproximately75°l?;and(11)pres$uredrOPacrossholeof 2 tO 250
poundspersquarefoot.

Thedataforeachconfigurationare!pre8entedasa functionofa
flowparameter.Thevarious typesof linerwallopeningsarecompared
anddiscussed.

Ad areaofductcrosssection}sqf%

Af. areaof louveror scoopface~sqm

4 effectiveareaof louveror scoop:face,sq ft

Ah areaof flushopening,sqft

b widthof opening,i%

c dischargecoefficient,ratioof
throughopening

CP dischargecoefficientcorrected

meas=edto theoreticalflow

forpressure-ratio”effect

—
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4
~ 5* dischargecoefficientcorrectedforpressure-ratioeffectsands boundary-layerdisplacementthickness

h heightof louveror scoop,ft

z len@h ofrectangularslot,ft

‘d totalpressureof ductstream,lb/sqf%abs

~ Pf totalpressureof jetstreamatf’aceof louveror scoop,lb/sqft
* abs

Pd staticpressureof streaminparallel-wallduct,lb/sqf%abs

pa,2 stiticpressureof streamatwall.openingin convergingduct,
lb/sqftabs

+$ PJ staticpressureof jetstream,lb/sqftabs

s qd dynamicpressureofductstream,lb/sqftabs
‘Y~ qj dynamicpressureof jetstream,lb/sqftabs

Td totalor stagnationtemperatureofductstream,‘R

‘bZ localvelocityinboundarylayer,ft/sec

Vd velocityof approachstreaminduct,ft/sec

Vj veloc~tyof jetstream,ftjsec

‘m measuredmassflowofairthroughopening,lb/see

‘th theoreticalmassflowof airthroughopening,lb/see

Y distancenormaltoductwall.,ft

a angleof inclinationof convergentductwall,deg

5 boundary-layerthickness,ft

&* boundary-layerdisplacementthickness,ft

e anglebetweendirectionofductflowandfaceofair-entry
opening,deg

Pbz massdensityofboundary-layerair,slugs/cuft

Pj mass densityof setair,slugs/cuft
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0“
APPARATU8‘“

TestSection

Thetestsectionusedintheprese~tinvestigationis identicalto
—.

thatdescribedinreference1. Details~of.thetestsectionareshownin
figurel(a)withtestplateflushwiththe.ductwallandinfigurel(b)
asmodifiedforboundary-layerbleedoffiTheductheightforall-the
presenttestswas2.23inches.Roomairwasdrawnthroughthetest
sectionby meansofthelaboratorylow-~ressureexhaustsystem.Airmass- *
flowratesweremeasuredwitha calibrate”square-dgedorifice. 8.

—

Instrumentation

DuctS@tiC ~es8We Pd @ tdd Pr@ssure Pd
a stationapproximately5/8inchupstre+oftheface
or oftheleadingedgeof flushtestholesexceptfor
walls. Becauseofthesteepstatic-pres~ure.~adient
inclinedductwalls,ductstaticpressmkstiththese

weremeasureda% .-
of scoopsor louvers
thoseininclined ..—
resultingfrom ●

configurations
pd,2 weremeasured-ata pointin-thedubtwalloppositetheopeningas
i~cated inthefollowingsketch: ‘

v

B ; ‘“” o

Thepositionof theductstatictapatB~waslocatedbyextendingthe
lineAC toa pointO ontheoppositewa~ andmakingtheMstanceM
equaltoAO. Jetstatic-pressuretapsw&relocatedonthedownstream
faceofthetestplateas showninfigur+l(a).Thelocationofthejet -
static-pressuretapswasnotcriticalintheabsenceofparallelflowon
thedownstreamfaceofthetestplate. : =

Air-EntryConfig@ations

Detailsofthe32air-entryconfig~ationsinvestigatedarepresented -
intableI. Forpurposesof comparison$he32air-e@ryconfigurations
aredividedintosixgroupsonthebasis:of-geometry:flushrectangular .
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hole(seriesA),steplouver(seriesB),thumbnail-typescoop(seriesC),
scoopovercircularhole(seriesD),holeor louverininclinedwall
(seriesE),andmultiplecticularholes(seriesF). Themetalthickness
forallconfigurationswasapproximately0.040inch.

Sincethesteplouv~ design(seriesB) isoftenusedasa continuous
openingaroundthecircumferenceofa liner,itwasdesiredto evaluate
theside-walleffects oftheexperimentalsteplouver.Side-walleffects
oftheexperimentalsteplouvermaybe causedby lateralflowofair
acrosstheplaneofthesidewallswheneverthesetaM ductvelocities
arenotequal.Inan attemptto evaluatesuchside-walleffectsthe
sidewallsof someofthe~erimentalsteplouv~swereextended1 inch
upstreamoftheplaneof theopeningby a l/32-inch-thickplate(seriesB,
tableI)whichformedafence1 inchhigh. Theleadingandupperedges
ofthefencesweretaperedontheoutsidesurfacesonQ. Withthese
fencesthelateralflowofairacrosstheplaneofthesidewallswould
be eliminatedunderalloperatingconditions.Thethumbnail-typescoops
(seriesC)hadtheformofa segmentofa hemispherewitha radiusof

● 0.50inch.

s Twotypesof scoop-over-holeconfigurations(seriesD)wereinvesti-
gated● Inthefirsttypethebaseofthedownstreamhalfofthescoop
wasflushwiththeperimeterofthehole(seriesD-1toD-3),thusforming
a smoothflowpassagefortheair. In%heothertypethebaseof the
scoophada radiustwicethatofthehole.

PmCwuRE

Experiments

DiscWge-coefficientdatawereobtainedforeachofthe32air-entry
configurationsat ductvelocitiesof O,50,150,a@ 420feetpersecond.
At eachductvelocitycondition,theJetvelocitywasvariedupto 650
feetpersecond.Theduct-airtotalpressurewasapproxlmtel.yatmos-
pheric,andthetemperaturewasapproximately75°F foralltests.

Calculations

ThedischargecoefficientC wascalculatedastheratioofthe
measuredmassflowto thetheoreticalmassflowthroughtheopening
w~wti. Thetheoreticalmassflow wth wascalculatedas theproductof
thejetvelocityV~,thejetdensitypj,andtheareaof theopening.

. Thefacearea + wasusedwithstep-andthumbnail-typelouversand
someof thescoop-over-holeconfigurations,whiletheholearea ~ was

.



6 HACATN 3924 ●

usedwithallscoop-over-holeandflushholeconfigurations. b
Assuming

isentropicf~ow,theJetvelocityVj ,andtheJetdensityp~ were
determinedfromcompressible-flowrelationsutilizingtheducttotal
pressurepd andtotaltemperature~d andthejetstaticpressurep~.

RESULTS

Typical D@ta ISd
Discharge-coefficientdatatypical’oftwodifferenttypesof liner- G

wallopeningarepresentedinfigure2
[
flushhole,fig.2(a),andscoop-

over-hole,fig.2(b),configurationsA- andD-1,respectively).This
figureshowsthevariationindischarge’coefficientC withstatic-
pressureratiopd/p~ at ductvelocit+ Vd ofO,50,150,and420
feetpersecond.At-zeroductvelocity~the-dischargecoefficientfor
bothtypesofopeningvariesonlysligh+lywithpressureratio.At duct
velocitiesotherthanzerothedischarg~coefficientforflushholes
(fig.2(a))approacheszeroas the pres$ureratiodecreasestoward1.00,

r

butwiththescoop-over-holeconfiguration(fig.2(b))thedischarge
coefficientisata relativelyhighvalqeatpressureratiosinthe B.
regionof 1.00andapproacheszeroat valuesof”pd/pj lessthan1.00. “-
Also,withtheflushholean increaseixductvelocitydecreasesthe
dischargecoefficient;whereas,withthescoop-over-holeconfiguration
an increaseintheductvelocityincreasesthedischargecoefficient.

Zero-Duct-VelocityData

Dstapresentedin figure3 showthe’variationindischargecoeffi-
cientwithpressureratioat zeroductvelocity(zerocrossflaw)for27
of theconfigurationstested.Thesedatka&eapplicabletothefinal
air-entryopeningina combustorlinerwherealltheairapproachingthe
openingflowsthroughtheopening.At a’premxreratioof 1.02,flush
holeshavedischargecoefficientsinthelrai@efromO.59to0.63,step
louversandthumbnailscoopsfrom0.67to 0.79,andscoop-over-hole
configurationsfrom0.49to0.61.

CorrelationofVelocityData

Themethodof correlationpresented”inreference1 wasetiendedto
satisfythevariousconfigurationsofthepresentinvestigation.The
correlationrequireseithertwoortlxree:steps,dependingonthetypeof
air-entryconfiguration. _..
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Flowparameter.- Firstthedatasre.mlottedasa functionofa
dimensionlessflowParameter(pd- pj)/(pd- pd)swhichistheratioofthe
differencebetweenthetotalandstaticpressuresof thedischargejet
to thedifferencebetweenthetotalandstaticmressuresoftheduct
stream.Forincohqmessibleflowthisparameter-isequalto(V3/Vd)2
andto q& Thetypicaldataof figure2 are so replottedin figure
A-. Inthisfigurethedataforthevariousductvelocitiestendto form
a commoncurve.However,formy givenductvelocitythedatafallabove
thiscommoncurveforthehighervaluesoftheflowparameterwherethe
SktiC-preSSUre 3XLti0 pd/pJ iS high. ~i.s deviationiS consideredtO
be a pressure-ratioeffectsimikrto theincreaseindischargecoeffi-
cientwithan increaseinpressureratioshownforthez=o-duct-velocfty
conditioninfigure3.

Pressure-ratiocorrection.- Thesecondstepisthecorrectionof
dischargecoefficientsforpressure-ratioeffect.To obtaina pressure-
ratiocorrectionfactor,thezero-duct-velocitydata(fig.3) for25
configurationswererecalculatedas theratioofthedischargecoeffi-
cientat a givenpressureratioto thedischargecoefficientat a pres-
sureratioof 1.00(C/Cp).Thedatawerethenplottedagainsta general
formof thepressure-ratioterm(pd+ ~ sin8)/pj(fig-5)- For~ atr-
entryconfigurationhavingitsfacenormaltothe-directionof ductflow
(suchas a scoopor steplouver),19 equals90°,andthegeneralformof
thepressure-ratiotermreducesto (pal+qd)/p.Jor pd/pj.Fora flush
holeina parallel-walledduct,8 equalsO andthetermreducesto
Pd/P.~“ Forflushholesin inclinedductwalls,8 equalstheangleof
inc&ationof thewall,and ~ equalsthedynamicpressureoftheduct
streamat a planethroughthecenterofthehole. Thepressure-ratio
correctioncurveofreference1 is includedin figure5. Althoughthe
dataforthevariousconfigurationsshowconsiderablescatterfromthe
curveof reference1,thiscurve,whichdoesrepresenta meanvalue,was
usedforcorrectingdischargecoefficientsforallconfigurations.
Discharge-coefficientdatawerethencorrectedforpressure-=tioeffect
by dividingthedischargecoefficientC by a correctionfactorc/cp
determinedfromfigure5. (Theparticulardataof fig.4, correctedfor
pressure-ratioeffect,arepresentedin figs.13(a)and(d),
respectively.)

Boundary-layercorrection.- Thedatapresentedinfigures6 and7
weretakenspecificallyforevaluatingboundary-~ereffectsonthe
dischargecoefficientsof steplouversandscoops.Reference1 indicates
thatboundarylayerhasa negligibleeffectondischargecoefficientsof
flushholes.In figures6 and7 bothlouverheighth andboundsJT-
layerthickness5 oftheductstreamwerevariedindependently.These
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in either.louverheightorboundary-layer e
thedischargecoefficientbutalsothe

valueoftheflowparameterat zeroair@owthroughthelouver.

In an attempt to correct thelouverdataforboundary-layereffects,
thedischargecoefficientsof figures6 and7 wererecalculatedonthe
basisof effectivefaceareaof louver‘A~ asdeterminedby

~=(Af -b~*). Theboundary-layerdi~pkcementthickness .

/

8 2
5*= 1 (PJVJ- Pb2vbZ)W a

~svs o

wasdeterminedfrompressureprofiles($’ig.8)measuredatthefaceof
the0.623-inch-highlouverat variousf@w.conditions.Figure8 shows
thattheboundary-layerthickmessat thpfaceofa louvervariesnotonly
withtheinitialboundarylayerofthe$uctstreambutalsowiththeflow
throughtheopening.Figure9 showsth+v~iationin 5* withtheflow
parameterforthethreeductboundary-tiy~conditionstivestigateda u
Pressureprofilesshowninfigure8(b)@~ounda@-layer displacement-
thicknessvaluesshowninfigure9 for@uctboun@y-1.ayerthicknessof

—

0.10inchapplytoallconfigurationsofthisiuvestigatlonexceptB-11, ‘_
B-12,andE-2toE-5. --- .=1 .—

Thedataof figures6 and7, corre@edforpressure-ratioeffects
andboundary-layerdisplacementthiclme$s,arereplottedinfigures10
and1.1.,respectively.Thecorrecteddi@umge coefficient~,~* ata
flow-parametervalueof 1.0isapproxi@tel.y0.95foralllouverheights
andboundary-layerconditionsinvestigated.At flow-parametervalues
greatertha,uapproximately4.0,a decre~se-in10UV= heU& increases the
dischargecoefficientslightly(fig.10). —

Fldw-parametervaluesat zeroairflowthroughtheopeningareof
interestbecausetheyindicatethel.ow&limitoftheflowrangefora
givenconfiguration.Variationinthis~valueoftheflowparameterfor
thevariouslouverandscoopconfigurat~onginvestigatedis showninfig-
ure12asa functionof louveror scoop~height.AlthoughthedataShOW
considerablescatterfromthefairedc@ve,a definitetrendis indicated.
Theoretically,foranopeninghavingzeroheight(suchasa flushhole)
thelowerlimitoftheflowrangewould:beata flowparameterof 1.0;
conversely,iftherewereno walleffec$(alouveror scoopdetached
fromthewallandfunctioningasa Pito~tube)thelimitingvalueofthe
flowparameterfora louveror scoopwouldbe zero. —

,...
CorrelatedData ‘- .

Thedischame-coefficientdatafor:thevariousconfigurationswere
correctedforpressure-ratio
thiclmess,whereapplicable,

effects~ forboundary-layerdisplacement
andareplbttedasa functionoftheflow
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4
parameterin figure13. Includ~inthesefiguresaredischargecoeffi.
cientsat zeroductvelocitydeterminedby extrapolationoftheapplicable
fairedcurvesinfigure3 to a pressureratioof 1.00.Thesedataare
plotted(fig.13)atvaluesoftheflowparameterobtainedfromthe
approximaterelation

Pd - Pj ()#2
Pd-pd ~

DISCUSSION

RectangularSlots

Effectof slotsize.- Fairedcurvesofthedischargecoefficients
forfiverectangularslots(configurationsA-1toA-5)arecomparedwith
thatofa 0.750-inch-diameterflushcircularhole(configurationE-l)in
figure14. In general,rectangularslotswiththeirma~ordimension. parallelto thetiectionof flowhavedischargecoefficientsslightly
greaterthanthoseforcircularor squareholes.As withcircularholes

3 (ref.1),holetidthhaslittleeffecton dischargecoefficientsfor
g widthsgreaterthan0.5inch(compareconfigurationA-2withA-4).

Effectof lengbh-to-widthratio.- Figure14 showsthatan increase
inthelength-to-widthratioofa rectangularslotincreasesthedischarge
coefficientslightlythroughouttherangeoftheflowparameter.

StepLouvers

DischargecoefficientsCp,b* forstepl-ouv-s(figs.15to 17)are
maximumata flowparameterof 1.0anddecreasegraduallyat values
greaterandshsrplyat valueslessthan1.0. Theminimumvalueofthe
flowparameterfora givenconfigurationwasshownin figure12tobe a
functionof louverheighth.

Effectof louverheight.- Fairedcurvesrepresentingdataforstep
louverheightsrangingfrom0.104to 0.623incharecomparedinfigure15.
An increasein louverheightmayeitherdecreaseor increasethecorrect~
dischargecoefficient,dependingonwhetherthevalueoftheflowparam-
eterisgreateror less,respectively,thanapproxi=tely4.0.

Effectof louveroverlapandspacer.- Louverwalloverlaportheuse
ofa corrugatedspacerwithinthisoverlapis showninfigureM tohave
onlya smalleffectonthecorrecttidischargecoefficientforlouvers
approxi~tely0.10and0.25inchhigh.
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Effectof louverwidth.- Steplouv@sareoftendesignedasa con-
tinuousopeningaround&e circumference~ofa combustorliner.Inorder
todeterminethemagnitudeoftheside-wqlleffectsofthel-inch-wide
experimentalsteplouver,datawereobtainedforlouversbothwithand
withoutside-wallextensions.Extending~thesidewallsupstreamofthe
planeofthelouveropeningwasintended~toprevent’the3ateralflowof
airacrosstheplaneofthesidewallsattheopening.Comparisonof
dataforconfigurationsB-2andB-3(fig;17)indicatesthatforlouvers
upto 0.25inchhighside-walleffectsarenegligible.Thedata,there-
fore,shouldbe.appl.icableto continuous“steplouvers.

Thunibnail-Typ eScoops

Correcteddischargecoefficientsfoqthumbnail-typescoops(fig.M)
aresomeWhatlowerthanthoseforsteplouversat lowvaluesoftheflow
parameters.Aswithsteplouvers,thee~fectof scoopheightonthe
correcteddischargecoefficientis small.

z

ScoopsoverCircu@rEoles &

Fourdifferentscoop-over-holeconfigurationswereinvestigated.
Forthreeoftheconfigurationsthedowndtr~mhalfofthescoopcoincides
withtheperimeterofthehole,thescoo~sdifferinginfacearearelative
to holearea;forthefourthconfigurationthebaseradiusistwicethat
ofthehole. Theholediameterwas0.750inchforthefourconfigurations.
Althoughdischargecoefficientsareusual~basedonthesmallestflow
areaoftheconfiguration,forpurposesof comparisonthecalculations
forconfigurationsD-1andD-2are bas~~onholearea(alargerarea)in
figureM andon scoopfhcearea(thes~llestarea)in figure20.

Effectof scoopfacearea.- Correcteddischmgecoefficientsfor
scoopsOV= circularholesarecomparedtith_thoseofa flushcircuk
hole(configurationE-l)infigure19. @se dataarecorrectedfor
pressure-ratioeffectbutnotforboundsmy-~erdisplacementthickness,
sincethedischargecoefficientisbased’onltheholearearatherthanon
thefaceareaofthescoop.Thesedata,therefore,arecomparablewith
thoseofa flushcircularho&.

Figure19 showsthat increasingscoc@faceareaby increasingscmp
height(configurationsD-1,D-2,andD-3)notonlyincreasesthecorrected
dischargecoefficientthroughouttheflowr~e butextendstheflowrange
to lowervaluesoftheflowparameter.l)his..comparisonindicatesthe
magnitudeoftheeffectof scoopfaceareaondischargecoefficients
basedonflushholearea. Theaddition~f&ri0.891-inch-highsco~”toa
flushholeextendstheflowrsmgefroma’flowparameterof1.0(config-
urationE-1)to valueslessthan0.05(configurationD-3)becauseofr&m

—.

—
--
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● pressure(fig.19). At flow-parametervalues
faceareaofapproximately1.4timesthehole
isrequiredtoattaina dischsrgecoefficient
hole(configurationE-l).

11

greaterthan20a scoop
area(cotiigurationD-3)
equaltothatofa flush

Effectofsizeof scoopbase.- Theeffectof increasingthesizeof
thebaseof a scoopfromonethatcoincideswiththeperimeterof thehole
to onehavinga radiustwicethatof
pareconfigurationD-3withD-4),is

,3F throughouttheflowrange.Although
+ matelyequalfaceareas,thereduced

junctionwithboundary-layereffects
lowvaluesof theflowparameter.

thehole,alsoshowninfigure19 (com-
to decreasethedischargecoefficient
thesetwoconfigurationshadapproxi-
heighto? configurationD-4incon-
resultedina reducedflowrangeat

Comparisonwiththumbnail-typescoop.- Becauseofgeometricsimil-
arities,thedischargecoefficientsofa thumbnail-typescooparecompared
withth;seof scoop-aver-holeconfigurationsin figure20. Sincethedis-
chargecoefficientsCp,~* in figure20arebasedon scoopfacearea,

+
theyarecorrectedfor.bothboundary-layerdisplacementthicknessand

2 pressure-ratioeffect.
y
g Thecomparisonshowsthatthethuuibnail-typescoophasthehigher

dischargecoefficientthroughoutitsflowrsnge.A studyofthedata
indicatesthatthedifferencein dischargecoefficientsforthethree
configurationsshownisa functionoftheflushholearea(inthephe
of thewall)relativetothescoopfacearea ~~. Theeffectof scoop
heightontheflowrangeat lowvaluesoftheflowparameterisagain
apparent.

Holesad huverson Inc13medSurfaces

Inmanycombustordesignsthewallsofthelinerandtheoutershell
arenotparallel.Theeffectof inclinedwallsonthedischargecoeffi-
cientofa flushcircularholeanda steplouveris showninfigure21.

Flushcircularhole.- Correcteddischargecoefficientsfora 0.750-
inch-diameterflushholemountedoninclinesof0°,8°,and20°are
comparedinfigure21(a).Dischargecoefficientsarepracticallyunaf-
fectedlywallinclinationsupto 2Q0exceptfora smallrameffectat
lowflowsthattendsto decreasethevalueoftheflowparameterforthe
20°angle.

steplouvers.- Similarly,thedischargecoefficientsof a 0.105-
. inch-highsteplouv~ (tithno overlap)muntedoninclinesof 0°,8°,

and20°arecoqaredin figure21(b).Sincethepressureprofiles
obtained(fig.8)arenotapplicableto flowina convergentduct,the
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dischargecoefficientsinfigure21(b)hrenotcorrectedforboundary. b

layerdisplacementthickness.Also,theeffectsoftheside-wall
extensionsforlouversmountedonan in~linewerenotinvestigated.The
differencesindischargecoefficientsh@n.forthethreeconfigurations
maybe partiallyduetovariationsinboundary-layerconditions.However,
an increaseininclinationangletendstoincreasetheflowrangeat low
valuesoftheflowparameter. .—

MultipleFlu8hHoles *4-%
Theeffectofproximityofmultiplef~ushholesondischargecoeffi-

cientforbothin-lineandside-by-side,arrangementsispresentedinfig-
ure22. Thedatapresentedindicatetheover-alldischarge coefficient
fora givenmultiple-holeconfigurationWther thanforindividualholes
of thatconfiguration.

. .

Holesinline.- Fairedcurvesrepr~sentingcorrecteddischargeco-
efficientsfortwo0.750-inch-diameterf}ushholesspaced3.750and1.125 #
3.nchesapart,center-to-center,ina 10

?
itudinaldirectionarecompared

withthatofa singleholeinfigure22().__Theresultsindicatethata
reductionin longitudinalspacingof cir&darholesfrom5 to 1.5diameters b

hasno effectontheirover-alldischmgecoefficient.In fact,thedata
agreewellwiththoseforthesingleholethroughouttheflowrange.

=.
Holessideby side.- A reductioniqthetransversespacingof 0.125-

inch-diameterholesfrom4 to 2 diameter+(center-to-center)is shownin
figure22(b)tohaveno significanteffeqto“nthecorrecteddischargeco-
efficientexceptathigh(above100)valdesoftheflowpsmuneter.

SignificanceofResults

Thedatapresentedshowthevariationindisctigecoefficientwith
a flowparameterforvariousconfigurate.os of linerwallopenings.An

l!importantdifferenceinflowCharacteristiciSindicatedbetweenthe
flushholeandthescoopor steplouver..Withtheflushhole,theflow
ceasesastheflowparameterdecreasestoa valueof 1.0(i.e.,asthe
static-pressuredifferenceacrosstheope~ngapproacheszero);but,with
thescoopandthesteplouver,flowconti~ues(becauseoframpressure)
to somelowervalueoftheflowparameter~(dependQgontheheightof
thescoop).Combustordesignshavinglowover-alltotal-pressureloss
anda highairvelocityinthepassageou~sid,ethelinertendtohavea
lowor evena negativestatic-pressuredi~ferenceacrosstheupstream
linerwal.1openings(ref.2). Thehighd$schargecoefficientof scoops
or louversat flow~arameterslessthan1.,0ties themessentialfor .

adequateairadmissionintheupstreamregionof suchliners.
.

.
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ApplicationofData

Theresultsofreferences3 and4 indicatethatdischargecoefficients
forholeshavingexternalflowonlyshouldbe applicableto ccmibinedin-
ternalandexternalflow,ifthejetvelocityisgreaterthm thetiternal
parallelflowvelocityandthecorrectjetoutletstaticpressureisused.
Dischargecoefficientsforvariouslinerwallopeningsmsybe detezmdned
frcmthecorrecteddischargecoefficientsinfigures14to 22 inthis
reportorfrcxnapplicablefiguresinreference1 by thefold.owingmethod:

(1) At a givenvalueoftheflowpsrameter(pd- p~)/(pd- Fd)a cor-
recteddischargecoefficientCp (or c-p,6*)cm be red frmna curve
(figs.14to 22]selectedonthebasisofgecmetricsimil.szity(bothas
to shapeandsize)to thegivenlinerwallopening.

(2)!lheccmrecteddischargecoefficient~, 6*f~ stePl~ers ~
scoops(figs.15to 18 and20)mustfirstbe reducedto Cp by

.
where5*,the boundary-l- tisp~~t t~c~ess~ ~Y ~ est~~d
franf@e 9 forthelocalflowconditim.Thelawerl-t oftheflow
rangeforsteplouvers~d scoopsmsybe estimatedfrcmthecurveof
figure12.

(3)A pressure-ratiocorrectionfactorcj~
figure5 atthegivenvalueofthepressureratio

(4)Theproductof (C/~)~ thenyieldsthe
cient C.

SUMMARYal?RESUL’IS

cambe obtainedfrcuu
(pd+ ~ sin@/pj●

desireddischargecoeffi-

Thefollow5ngresultswereobtainedfrananevaluationoftheeffects
ofvariousgecmetricandflowfactorson dischargecoefficientsforflush
rectangularholes~ steplouvers~ ~d scoops:

1.Foreachconfigurationthedischargecoefficients,correctedfor
pressure-ratioandboundary-layereffects,Whereapplicable,werecorre-
latedtitha dimensionlessflm p~ ter.

2.Theeffectsof sizeor shapeof flushrectangularholesondis-. chargecoefficientweresmallccmparedwiththeeffectsof ductstream
velcwityandstatic-pressmratioacrossthehole.
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3.Theadditionofa SCOOPto a flushholeincreasedthedischarge b
coefficientandextendedtheflowrange&tIbwvaluesoftheflowparem-
eterbutdecreasedthedischargecoeffic~entathighvaluesforscoop
faceareaslessthsn1.4timestheholearea.

4.Steplouvers~d scoopshadgreaerdischargecoefficientsaad
1widerflowrangesatluwvaluesofthef owparameterthm theflushholes.

However,thedischargecoefficientinth~sregionwasaffectedby boundary-
leyerconditionsoftheductstream,whereastheaxtentoftheflowrange
appearedtobe a functionofscoupheight.‘Thehighdischargecoefficients ~
forlouverssmdscoupsatlowvaluesoftheflowparemetermakethem
essentialfw adequateairadmissionintheupstresmregionofccmbust~ 8
linershavinga lowstatic-pressurediff~renceacrosstheiropenings.

5.Forflushholesandsteplounrs~mountedinwallsofa convergent
ductwall,inclinatimsofupto 20°ha$littleeffectondischargecmffi-
Cient.

6.Theproximityofthemultipleflushholesintherangefrom5 to
1.5dismeters(center-to-center}h a lo&itudinaldirectionor4 to 2

z

diametersina trsmsversedirectionhaddo sl@.ficanteffectw Mscharge
coefficient. *

LewisFlight=opulsicmLaboratory
NationalAdvisoryCommitteefaAermautics

Cleveland,Ohio,Deceniber6,1957
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TABLE1.- DETA
T

OFAIR-ENTRYCONFIG~TIONSINVESTIGATED
AlldimensionsinInches.)

(a)FlushrectangularholesA-1toA-5

A-1

A-3

.
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TASLE1.- CONTINUSD.DETAILSOFAIS-EliTRYCONFW’RATLONSINVESTIGATED
(Alldimensionsih inches.i“
(b)Steplcuvem d-l tdB-6 —

30Cn

B-1
EL4

—
8

.
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TABLE1.- coNTrNtlED.DSTAIL9OFAIS-6?FTRYCONFICWFiATIONSS,N’VESTIGATSD
(Alldimensionsin inches.)
(c)SteplcuversB-7toB-12

—
w-lo

B-n
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TABLE 1. - CONTINUED. DWJ?AIL9OF AIR-ENTRYCONFIGURATIONSINVESTIGATED
(Alldimensionsin Inches.)

(d) Thumbnail-typelouversC-1 andC-2 at+dscoopsover clrnularholes
D-1 to D-4

D:2

.

k

gi

Cn

.

.

—
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TASL8I. - Co?wm. DSTAIL9W AIS.SXTRYCONFIGURATIONSINVSSTIGATSD
(Alldlmene.iomin inches.)

(e)Holeor louverin inclinedwallI&l to E-5
-.

@mlw

.
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TABLE1. -“CONCLUDED. DETAILSOF AIR-*Y c0mI13mATIoNsINVESTIGATED
(Alldlrnenslons1+ Inclae.e.)

(f)Multiplecircularholes”~-1to F-4 —

.

.

.

.
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